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m&mil ft J: 5 

nfcBtff^ftS'^rLTliT, £#«#1520nm;fr 61565 
nmST«'$gartcr)H'fS©iSSIC*3ViT-20ps/nm-kin^T 

t& * j: ? ic& £ -> U # £ ^ - x t l tzttmmmyt 

[«*)S2] KrE7 7"f/lO4MRS#«fiEBl«Ji*1290n« 
tl565nn(Z>ra©JRSCD*gHWifn^ll^WLTt^U» 
*JS1 077^^. 10 

[W*JS3] f}E/9r£©Rfiic:fctt3i(rE7 7^A© 

ffLfcfe CD#MOps/nm-dB J; 0 /J> $ V » <£ 5 tC & £ tlT V > 

# L t> 1 20ps/nm-dB <£ 0 /h $ (A «k o \Zl3. £ tlT H 

fiB8*nfc>f»*3 7fH*«t»)«c0, Kr«a>f*a7«* 
tt. WE? 7 y h*«*£fc*f It IT, ffiEA<Z>«&&ft-fk 

£*£V>BJff*£WLTtA£titjfcJSl ©7/"f A. 
[»*3S7] **!cEB2nT7 5>-.y Ktf^XKio 

7t, KrE«t»*=i7«*SfefflUfc^5y F#7X©Jf 

©*W©HST*£*rr*:i7 • 'J>^$IiLfcf 

^1CD7T-TA*. 

TfiBBSnfc37*A«L<T*0. C©37«fiffE^^ 
y K ^ 5 XO§Jt$J; 0 fi^Itlr** *t 5 3 7 • ^E— 
h«**W LT^5tt*a 1 ©7 r-f A*o 

T£LHSnfc37S*4liUT*9. dco^7«, (a) 
Bf3t©JB»rJ(SS*"r*' : l'*3 7«*. (b) 
K^5XOJBSf*«J:0fi^JB»f*fe«-rsa7 • 40 
K tJctUC (c) (tfE^jtOBSf^titrE^^y K#7 
XCDBJ)f^i:<Z)4 1 M©®^*WT-5 3 7 • U>5 r *« 

* * #16] ic^T c l t ^ nt 

oT'S,ffl$nfcn7$-*«BbT*5 0. c037ll 
(a) W£©Btf*£*r-r*«t"*3 7«tf. (b) ffi£ 
K#77©B^=fc9&^B^£;frf-537 • 
^E-K (c) ffiE0f^:©Bt(f^iSflE^7y Kt?7X 
WBST^i: Wt'WWBJff^&WTSn 7 • 'J >i7*fjp$. 50 
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*5j;tf (d) SffE^^y H^^X©B*ff^J:f3<B;^Bjff 
^^*-T-5^2C9 3 7 • h^^^it±-r-575|S](C 

7 r AT* oT, £t>1&#1 520nm*> 6 1 565nm 
ST©®Hrt«BI?^©ilSg{C*3l/iT-20ps/nm-kmJ; 0 /Jn 
$ < SSn. *^1520nm£l565nnit©fW©llfjE2£4$gB 
rtJl*5lt-5^«!t*f&Sftiia©5p^ffi^0t-1.2ps/nm-k 

«»«3t#«»7 7'f A. 

nfc b#t £ #r * -> u a * - 7 k l & ftrnmm 

yt&$ii&y 7< AT* o T, 520nm#> e 1565nni 

S -ecDffifflF*3©H)fSCOKgfC*3liT-20ps/nm-km e t 0 /J\ 
3<SSn. rt^l 520nmt 1 565nm t <D W©MEKfi^H 

0 ^ S, c , S 2D d c f (S t r /D, , ) 

tVi'SIWRiCKioTJfeSESn, D dcf tt^E5>«tffl«7 
T< A©#ft S, , «1290nm<J:1330niii«i:OKC0$eHrt© 

ass cu »* -s {£#«t»i^©fe#> K*»t $ nta*©* 

— ; &- K€M7r-1'/N*CD1520nmi:1565nmtCDffl©ffi?S$e 
HK:fel7*£1!m&*ffl*©¥^«#. D, , ttl520nmtl 

- Ffej£7 7-1'A©#ift-tr&D. ^OD,, cr «-20~-120p 
s/nm-km©teBl*l !£ * -5 <k o \Z U S tltz -> 'J * - X 

1 L y r -f A% 

[»*JJ13] DudtttlBps/mn-km. 75XSycttT 
-f ^-X5ps/n«-kmT*S«t -5 fc&*tlfcHI*S 1 2 CO 7 
r-f A. 

[»^« 1 4 ] ftC9#&i^7>«(^^T^.ck -5 tPSSS 
ftfcl»r*»*6ft5 -> 'J 77 ^^-X tc Lfc»«»« 
77-f /N'T* -pT. ^7>«^1 520nm^ 6 1 565nm 
*TCOiSBrt©E'r^<7)iSSt'i3t.iT-20ps/nm-km e t 0 /h 
$ < &$n. /&iO1520nmi:1565niDtC0FflC0HfrE&fi?eH 

0 ^ S dc( ^ 2D dc , (S,,/D 1( ) 

t^5H«aKj;-aTftsesn. D acI «sfjE73-«t«fi7 

7-TM©M- S, , «1290nm<hl330nmi:<DfflCO®HrtCO 

—t— KfK)H7 7"f /N*©1520nmtl565nnii:COfflCDSS*6 
HlC*3tj-«)7>«t*f&Sttij!gC0<W?4. D, , ttl520nm<i:1565n 

r-f AC0»«t. -5-LTDde r l4fl»EBf3£®«fiK« 

tt^.|trE^2pco*-^- h*ejH7 7-f A'co^tJtT-*^.^ 

UTJ^^-Xib 7 7 -f A*. 

[W*JS15] 1290nm«i:1330nnit©Wco^Hi^cO&g 

FeiH^r-rACO'J^SK it,40kmi:, fiffEfiliP*-^ - 
H £j£7 t -f 2 1 WTWS S T t> o T 



( 3 ) 

3 

Onm^ 0 O^ttWittX 520nm#> 6 1 565nm£T©2£fi$@ffl ft 
(Dffife COm& Id *5 UT300ps/nm.£CFT& <£> <fc 5 tCft 2 tt 

[»*JS16] MEflMflt^-f /N'*5ck^Wie^ 
77-f AiCjS^J (C&jiS S nfe^7 7 Alf <ftg £ $ 6 {C 

^m^^mmm—^- h • 77-fAW<t< t fe40km© 10 

m&m 1 7 ] MESHWliflt:? 7 -f /Wn 7 (CEr h - 

[BtS18] 1290nm<hl330nm<h©ffltf>$&fflf*J<E>&fi 
XCLfcgW-t- FC87T'f/t0^4< £fc40km 

LT*S0. |ffE7r-f A*©£$tfft#1520nm 
^6l565nmST05^H(*|Ofiff^(75&S(C43liT-20ps/niii 
-km«fc 0 /Jn$ < . WEBf3eojRfiK*»t*IWE7 r^A' 
ldB/kiDct»9/hS<. «o«IEiM»ll«7 7'f 

2 i «t o *s < Kfcsn&aatsntfltan 

[ftfll9] 1290nm£l330nm£©|!SI©ISBF*JCDfcg 

* tC b f;I¥¥-t - K £i£ 7 7 >f nwpls. < £ fc40km 30 

LTiJ 0 . I520nni#> S l656nm$TCD^g|g 
ffl ft (c*3 n £ #ftftf «fttt*©¥^«*kW> t-l . 2ps/nm 
! -km<tcDWT-&D. WE^fWfiflt^r-f/^OfiSjWKraS 
jpjptji-^- K£j&:7 7<A*©fi;£©jfs<j2#©l £0* 

[f*^2 0] 1290nm,hl330nm<t:©fflCD3gHf*3CDi&fi 

* <fc ? icgas s nfc H»f * *nr -s #tt*tftft#tt 

2 #© i j; o v»ss 2 ©gs 

ft£&g& 77^nt Oi»?iJiia^-ti- <k 0 ft 0 . 1 520nm^ & 

i56sni*-c©*s«sHrt©3fjeo*fi»c4itt*i(HEeai 
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'j > 9 o>&& 2 #&frMii mm-(D Tig 

[ffi&m2 l] 1290nnii:1330nmi:©W©®Hrt©&ft 

ol, 1520nm^e>1565nm^T"C9$6aF*3©3T^«iKfitC*3 
irJTA©^fe»«SWrs»«««7 7-f AtE^Jtc^ 

■f AitBSttWEiJrifcoifcfifcis v»T«Mi*4FA -5 ct 5 

[W«2 3] «fE»«»«7r'f Ao**3&»«30kB 
«fcD/JvS^*:JlSi2 l ©#»!§«§§„ 

77^ A't©^07 75^ ^ tC=t o TSfrE^«!t««7 7 
-fAl;jt«i$nTH5»^2 lC0^«ffl«^o 
[ffj£JS2 5] 1520nm^5>1565nm^TC9^ffll*3©fl)T^ 

jtt^jjc^^n^^r-f Aif<«sg£jMifu tfrEeiH 

7 t 290nm^ 1 330nmi-tf ©®fflf^(DiSfi{Ci3tt 

mmfttt&ft L, H CD 7 r -f 520nm^ & 1 6 
56nmiT©$gHrtCDR»f^co&ft(CfeViT-20ps/nm-kiiiJ; 
0 /hi* < ft* J;^ (C^StlTV^TteiUv'T.^A. 
[»*JS2 6] «TE3t«3W»EeSl7r'f/t. «TE» 

E ->X t- A til 290nm i 1 330nm £ <D W©KSTSjf^T-S>^ 
2O3t»*S&JCftfllUT4s0. ^©^2©^6ilS«tfrE 
^ 1 cDWDM*7 , '7^g:iCJ;oTStrEil^JM^"&lC^ 
£ftT:fcD. SfrEtfe»g?«^2 0WDM^7 K 7^IS:tCj; 
oTKfElt^Jita^-B-^iKSnT*?). ^?»«c*fcBifE 

m2©t^»S^*«bT*S0, ^<D^2©^»g§«SffE 
^ 2 03t*JCJ:-3T«*Snfcfll^SSflir* «fc 5 (Cft 
$nT^*W*JS2 5©->X?A. 

[0 0 0 1] 
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[0 0 0 2] 

HBttl 9 7 O^fiTttOdBAmTfeofcCDA^HTttaift 
M«/h«[lCieVi«ST?a[»*tlT*t)* I3l0nm-etttt0. 
35db/kmT& 0 , * fcl550nmTHJKlO. 2dB/kmT*$>£o 
[0 0 0 3] $6>(C, MF-/Oh$fflW^77 

XfAA^fi|fflTg§J:^{:?ioT^§o WAH Armita 10 
ge, "Three-level fiber laser amplifier: a theoretic 
al model", APPLIED OPTICS, Vol. 27, No. 23, Dec. 
I, l988,45ck^*^Tg|«SnT^*X*)tS#HHSnfc 

*— ©Hffl7 7-f A*i*»ttl520 - 156 
5 nm(Bi£HT»flsU -^CDigfflTteEr' 3 K-/1>b • >f 

[0 0 0 4] «©«»fcU>**fl(Htt* ea»J>ir* 

KgBLT£-F£>£fi4HR (total chromatic dispersi 
on) TftS. ^7X7 7^fA f W^T03t©ai^ 

[0 0 0 5] S2pB<j^x^^y • -f >5 r ^^xm— ^E- 
F • 7 7^AT11 tfiir««l©^77fj;itlT 30 

tt£LTJB< d^tt/^^^^1310 nmT 

*3£H«:WU 1550 nmK:*3^Tiftl5 ps/nm-kmtfXitlCii 
T-So Agrawal, Nonlinear Fiber Optics , Academic Pr 
ess, Inc., Sandiego, CA. , 1989, p. 11. ^CDck^te 
«*©!7r-f MTtt, *H»a*K«»i&*1310 nmttifi 

nmf*ifiT(D«i^<Z)fc»{c:Sjg{t$nT^^ (ElTt 
tt, 1310 nmT <D Wfe (Dfz£)\Z fijfrf t ^ tlT V ^ ) tflr 
totlTV^o 40 

[0 0 0 6] flfcfr, GeO,-SiO,*f5XTf^J5lE*tl&a* 
CO^— ^E- F • ^T'f AlC45tt*«/hait««Jai550 n 

(c»ht^o ejfc&<i3ion«Tffa:ton*«^»ctt, 

(DXT-yZ?- -f >5 r ^^X«1550nmJC4ott^aife«/hfii 
Ottl.75»<0««t*-ra. W7r^-f>T7? 

[0 0 0 7] 77<A^h-^Jl-/1-7^-7>X 50 
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(total performance) £Mg£<7)pJ;^c7)[Iii$cT 
1550nmJC45frtS^**g/hEtCiIp^.T, ^<Z> 

^$nt^5. 5MR^fittttO«%(iE«1550iiafH«t 
l:->7hm^o r^M»->7hj fdis 
persion-shif ted" fiber designs) d*RI5£SnTt^£. 

Cohen, Lin andFrench, ELECTRONICS LETTERS, 
Vol. 15, No. 12, June 7, 1979 pp. 334-335 ;Bhagava 
tulaCD*H#M : ^4 7 1 5 6 7 9^; Saifi et al., "T 
riangular-prof i le single-mode fiber", OPTICS LETTE 
RS, Vol. 7, No. 1, January 1982, pp. 43-45; Ohashi 
et al.O*a#fF^4 7 5 5 0 2 2^; Bhagavatula, " 
Dispersion-shifted and dispersion-flattened single 
-mode designs", Technical Digest, Conference on Op 
tical Fiber Communication, paper WF1, Feb. 26, 198 
6; ^Jzt^Tanaka etal., "Low-Loss Dispersion Shi f te 
d Fiber with Dual ShapeRef rac t ive Index Profile", 
National Conference Record 1987, Semiconductor Dev 
ices and Materials, I.E.I.C.E. (1987), p. 2-217£r 

«Hsnfcv>. §i3n^«>7h77^ 

[0 0 0 8] ZZiZ. 1300nmi:1550nmO]M*oeS^^ 

T?mftm&m&&T2>m*<D ^myyyhs yy^n 

("dispersion flattened" fibers) #*19:?r£tlTV} 
<5 o m X. fr£ _hi£ U fcBh agava t u 1 aCD*S#gf 43 £ ^_hfB 
:£Sfi0kamoto et al. , "Di spers ion Minimization in sin 
gle-mode fibers over a wide spectral range", ELECT 
RONICS LETTERS, Vol. 15, No. 22, Oct. 25, 1979, p 
p. 729-731; Okamoto et alO*H#W : lg4 5 2 5 0 2 
m ; Cohen et al. 0£HttrttFflg2 1 1 6 7 4 4^ ; Co 
hen et al., "Low-loss Quadruple-clad single-mode 1 
ightguides with dispersion below 2 ps/km-nm over t 
he 1.28/zm - 1 . 65 jumwave length range", ELECTRONICS 

LETTER, Vol. 18, No. 24, Nov. 25, 1982, pp. 1023- 
1024; Cohenet ah, "Ul trabroadband single-mode fib 
ers", Technical Digest, Conference on Optical Fibe 
r Communication, paper MF4, Feb. 28, 1983; Cohen e 
t al., "A systematic approach to fabricating singl 
e-mode 1 ightguides", Proc.SPIE, Vol. 425 (1983), p 
p. 28-32; Sears et al., "Measurements of the axial 

uniformity of dispersion spectra in single/-mode 
fibers", Proc. SPIE.Vol. 425(1983), pp. 56-62; Ung 
erCD*a#Wlg4 6 9 1 9 9 1^; Francois, "Propagat 
ion Mechanisms in Quadruple-clad fibers: mode coup 
ling, dispersion and pure bend losses", ELECTRONIC 
S LETTERS, Vol. 19, No. 21, Oct. 13, 1983, pp. 885 
-886; 43cfctfShigematsu et al. 3 - O y/V£Mft$f'jk 
IgfSO 2 8 3 7 4 8^£#fl8£nfcV>o 
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[0 0 0 9] m^>fr<Z>Jrffitf. ^777^77^/^ 

ft® \z * rt z> it&Miz ^wl&®lw {- *j ^ T{£^«e m z 

5. 09>U£, Okamoto et al. O^H^fF^ 4 3 7 2 6 4 
7^fe«tDCLazay et al.©#S#ffr5&4 4 3 9 0 0 7^ 

[0 0 10] **«©4HR7 5y h7 7<Attf|-ttl300 
nmrt^l550nm3;T©$SBrt©SfilC4D^T^Pft©£7> 
^^^"^•So Bhagavalula et al., "Segmented-core Si 10 
ngle-mode Fibers with Low Loss and Low Dispersio 
n", ELECTRONICS LETTERS, Vol. 19, No. 9, April 25, 

1983, pp. 317-318©03 lC«1300nmlC*5tt^i^-5ps/k 
m-nm^ <Z> 1550nm{r*5^S*«I-2ps/kn-niDi T^ffcf 

«CtfMt 7 7-fACSS J&i£il 77'fAOfiS©7-8« 
£&-&©T?. 1550nmfc:fctt£#gHit«©fc«>lCtt5gfflT 
STfcl^. ra*©»*jt#«fiffli«««ReedO*H«rM : fS4 
8 5 2 9 6 8§®I9M2 5~3 O^aiCfHK^nT 20 

[0011] Cohen et al. , "Tai loring the shpaes of 
dispersion spectra to control bandwi thds in singl 
e-mode fiber", OPTICS LETTERS, Vol. 7, No. 4, Apri 
1 1982, pp. 183-185«n>tfi-^ • ->5 j.I/-->3 
>© yyyjl • 777 KJ 7t<A* C double-clad" fi 
bers) \Zt5tfZftm77V KtKRfSfeOT**. SB 
8 5 H©0 6 tt» rfi&fi*3&|##tt$Hft*£ 0 
t)It«l:»^n75 J 
T-5 1 00->5olIx- HSnfc77'f AfStr^A/irtA 30 

hSftfcJMI-tt. 1450nm&fi««(Cfelt-5** 
K&akfcftOfHttfc. JKD«*S(C*^-5-40ps/km-nn«fc 
0'h*l^Mt$^lTl>5, Cohen et al.©*B4$ 
fF^4 4 3 5 0 4 0^teSf5 6fl83g4 5-5 4ff BiC06 

[0 0 12] ^©AS){«lS50nmM«»cHLT<t:5tOr 

-v-zm&Zfttitm-Z&mZ. 1550nmf;;:fctt.l><itJi:£ 
#©X^-;U©jW»)£ttB 6 ©ffiteX'T-JyT^ttTtt 40 
&ZL£\Zt£Z>T$>?>o a t-X3©y=il/-y3>B 
1 310 J; 0 /J\S v»Kfifc4s»t**SJiSS*f * utlcHt 
SfcCTSSA^, ^CD^:ffl{tC«1550nmm^tcMbT« 

[0 0 13] JifECohen et al. ©"Tialoring " 

■5x«*»5W6*^^itt. £*&mhm<Dfs&<Dmtm. 

Ofo2 ps/nm'-km) 1310nmIC*3tt-5e2l(^LTS 

8U©flfi.g|- (-£-nte^0. 06 ps/nm'-km) J;0«-5*MC7C^ 
Utl>7CtT$5. C«07 7'f AtSl550nm©:ft 50 
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1550nm'7'f >KC (^)1520nni - 1565nm) \Z&tfZ>ftffi. 
mmyr'f A'tLTttUffl-C^&^TfcSS. jfil fc. 
£©7 rf Alil550nm«I|Uc:}3tt£7££ai§L&^T& 

Lfc7>«t*f«tfift«a^7K-rT* 5 5tr ©§HB£© 77^ 
AtC^ff -5^>K • Xyvj&fi (bend-edge wavelengt 
h) #1520nmJ;D*i|fi{C{£UT&3 5;o^T"&-5. ^> 
h* • X -7 yRfitH 5 ©tt, Xolfi <*& y r-f 

[0 0 14] SS2K, esat*©tora>fc«fl:T'b$HR 
ttflBt&SK. ^Tft3fE©1310nmgj£'J >^7 (CiStt-SIE 

©#& *JT^-r©ic^s^7>«t«M7 r-r /toss 
^fcgftssrrsiiifcfcs. a sc. fffijcn?. 
© r#^nf#^>j y$ii/- ^tifc7 7<Assat 

• *7 .7 K7£&&&©^ffiWCffi7l©&£#tt« 
(S18 5H. SSltiB, fit) . 

[0 0 15] u >^ic:m}££fi7r»£fl'^8Tfcf*©?^ 
«ffi«^I§:£W^r3£i2lu >?\zM?z>t£ffi*m$*isn 

Kogelnick et al. ©*B#fFgS4 2 6 1 6 3 9 
^tt*— ^- h* • 77-f A-fejUv-X^AJCfettSAJUX 

•5 ^ A< (^fcLin, Kogelnick and Cphen, "Op 
tical-pulse equalization of low-dispersion transmi 
ssion in single-mode fibers in the 1.3-1. 7m n spec 
tral region", OPTICS LETTERS, Vol. 5, No. 11, Nove. 
1980, pp. 476-478£t>#H8$n£:^„ ) Kogelnick© 
y^fAftt. eii7 7-rA©ftoM^3 7^if- 

7 7"'f/N*©lE©7>fl:tC<toTmi$n^ < , 2*©77^ 

[0 0 16] _hiE*H#fFSf5SS4 2 6 1 6 3 9^tCfe*& 
§nt^«« (JS4fiB?g2 6~5 6frg) Ttt, 1560nm 
Tg/h7>M* W-r 5 1 OOKmGjt 7 7 -f A*£ il CTl 550nm 
trt3UT5nm©X^^ h;Hi*Wr-5m#*eSILT(- 
0. 8ps/nm-km) (100km) (5nm) =-400psec©#Kt££:UTt^ 
^><, 1350nm^— ^E- F • 7 7"f A*^-f H 7-f If • 77-f 
/N*<hbT^0*nT*3O. > ^-P1550nm(c43tt-5^n© 
T^ffiilJi^ieps/nm-kmTS-S^^, 5km©SS©-f n ^< 
If - 7 7"f/W400psec©7i-^:Sr^i;. *^^ntCj;o 

[0 0 17] ±fBLin, Kogelnick and Cohen©Xffl{ (J§ 

4 7 71) t«. -t^icE«anT«tti5iommr*»* 

-5 1 km? t -f A* t . 1 320nmT^7>» ^^"-r -50. 76k 
m-7T-f /N'Sr^ofceiU'J >i7-e*-5<, :©^77-f 
/N*©*^©^ffittti®©*3?llfSl420nm-Ciai^Sn-5. 
[0 0 18] ±tE^B«SrttFSIft4 2 6 1 6 3 9^©->X 
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HE£ftT^3J:5l;:. J£«a<J@<A;g$©rtrg6©-r aj-f 
•tf • 77-f A**ffiffl-r-5^i^T#^>. L^L, JiIBLi 
n, Kogelnick and Cohen©;£&KiCM7K£ttT(^-5>«fc 5 

©-fn^-flf • 7 D>^fi#«g 
TfMfBSn-S.fcSlCft-S. fiE^>T, Kogelnick©^.*.^ 

7-rA*tC*fLT1550nBi3t®S:fiJfflLfc^ffl6«)^ejt->7. 

[0 0 19] raU*jaSWr*ra«©5'X7-AjW.arner 
and Bhagavatula, "Dispersion Reduction in Single- 
mode-fiber links", ELECTRONICS LETTERS, Vol. 21, N 
o. 24, Nov. 21, 1985, pp. 1 171-72lCir!f&$nTt:> 

£©:>X?AT«. 1310nmT*#ifc£*"-r-51km:fc 
<fcr/2. 5kn©}fl2p©#— h* • 77-f/W, 1550nmT 
j*#«£#-r-5#St->:7 h • 7r^A*»60km'J >?lz# 
iOStt, *©U>*©*#«©ifcRSl541nm©3fc««fi 20 

i:|fi]^Ty7h$tTU5. Bk#sn*:eantiE«««)e 

£ ^ 5 7 ft £ *IT H <2> o 

[0 0 2 0] #H4fffFSg4 9 6 9 7 1 0-5ftt$ -Steffi© 
^■»ffl«^H5T'$.oT, SiO^^-Xtbfc^r-f A 

f c *s ft s s mmr % tz * tc y v it m u ? x £ - x 

<hLfcX7< A£JflV>£££{Cl»T&t>©-r?&£ <) Xy 

<t«s* 5 x *^ - t. t l & 7 r -f A©*fl-*«fitt«2o 

OOnmTab-5.. *£fcK*3ft&<5?JB©0STtt. teM&fi 

1320nm[C*5^T*^«t*#-r^SiO J H-Xtlfc^7 30 
7^A*lkm#. 2000nm(Ci5^T^«[^*-r ; 5>7^ft^I 
#7X£^-X£LfcXr^AU54km£i^£nTV»3 
(f?S6fflB2 4-2 6ff @*3J;^7«84 8-5 9fra£ 
iWHSftfcH) . *qSO»*«Jt*fflV»St. 1550nmtC 
*W*«l(l7r'f/t©»»tt, iftl5 ps-km-nmi^O, 
foT77 <t®>J37 X77-T A©^nteii$-33 ps/km-nm 

S&oT^SfcJ&K:. ±e*H4*WiB4 9 6 9 7 1 0^ 
©0 4 tg 5 T«#«**&«©^7 7#±TfCKteUT 
fr>«££K:&33nfcV>. *%^WB6<J(C*fLT«, Ag 40 
rawal, Nonlinear Fibe r Opti cs, Academic Press, In 
c. , SanDiego, CA. , 1989, p. 10tC^£nTV*£> <£•? 
fc. *HT«ffl$nT^«.^©^ft^fc*sJ;^»73 

[0 0 2 1] £©&fl5«. ±aE*BttM : ft£4 2 6 1 6 
3 9^©-f p^-f+r* • 77< A*d;Ofc@^fi$©Xu/ft: 
^^^XT'T-rA'Sr^ffl-C^^iptC-r-S^, ±IE#S 
4£fFSf54 9 6 9 7 1 0fTS*$ntV»S7 vit^U^ 
X77-f AliS!fc-&K A¥*fgT& -5 <h l» 5 OA* & 
-5>. 50 
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[0 0 2 2] 3 - P v nmWAWAW^, 0 0 8 9 6 

<V®i13?7, (62HfF, - 33BaF, - 5LaF,) Tf£/jJt£n£: 
77-f AfCiHT&fcOTf&S (03#8g) . CCD3-D 
/IWff^H^OH 3 tt. H © J: -5 & 7 y <t**f 5 X 
&m^fzftWL~>7 b • Xy-f/^^jT^-lO ps/km-nm© 

«k o xz&\i*imm.tfi wiire* o o z> z. t sstbxu 
[0023] te©*<©»iiHt«afis*»a*ft*T*w 

*tlTl»*. *ffl#WFSf?4 7 5 0 8 0 2^«^«[ffl«© 
^©Xy-f A • x-C U-T 5< > • 7K (CM-r-Sfc© 
T?**. *H#fF^4 7 6 8 8 5 3^li»M«tU 
h*77-f A*©ty/> hSfflV^IHil«->7 
^AlCPf «>fc©TS^>o *H#ffF^4 9 1 3 5 2 0§ 

^4 9 7 9 2 3 4#ttfiSn*9»flcU— tf-ifffiSSrffl^ 
[0 0 2 4] 

[#«WiWKftU J: 3 £■*"*»«] laoiiC, 

ug©?B i on«HttWi3ioiimfc*i»T*»*&wr*fiai 

77-f A£jlUTfci£-r& : b©T$>-3"T\ ^Onm©^ 
> h*'7rt(CB)fS©«S©^M*fiJffl L-fcglv'7xfA(Z) 

mm&xztmmx&z. ^a&m-znx^zy /m 

m*)>?V>y% <DEMm&9Ltfi1ftl 3 1 OnmT*^«[ Stt 
£^Xr-f A£»g<hLT^.5;^<=>. £©Sg]gteigSt£K) 
CIST**. SE#©«lflBfl«jfc*— K©1310nmT* 

ifU-b* (upgrading) d <t ttP >^*-JP (long- 
haul) a«a«#jctoT#*fcWiC?oi«v»iai«-c* 

[0 0 2 5] mm<D7>T?/7"-' f>T7^7* 
— ^E- h* • A'^ili;Teill"r'51550nm->X^-A© 
*-&{Ctt, 77^ /N*©^15ps/km-nm©IE©^-«c l/s<)ltf 
4 0ft>M (*-g.V^tt-?-nt(±©) 50-500MHZ AM 
tf*fi^OI*6±i;$t, ^0'J>7fiS5km«T 
tcf&JIST'S. Vodhanel et al., "Performance of Direc 
tly Modulated DFB Lasers in 10-Gb/s ASK, FSK, and 
DPSK Lightwave Systems", JOURNAL OF LIGHTWAVE TECH 
NOLOGY, Vol. 8, No. 9, September 1990, pp. 1379-138 
5tt, 1550nm DFBL'-lr*- <Z>j£tttt£XH£J:tfig&|ft 
»*ffl^fel0-Gb/sejHlll^tC*3^T. ^2p©1300nm« 

17- • h^-f^^AtC, 3km©fi^lC^JIS^n 
-5.. 

[0 0 2 6] a3®6<JlC«, gE#©1310nmgjg{tU >71C 
^LT) , iE#© 7 r-f A*a<#rl^gg£«4>K»;:fli 
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V. lSSOnm&S^OH^ (jj$l520nm-1565nm) Ttt. 
x;Uk*^A£ F-yUfc^T-fA'tftlgg (OFAs) jPM 

[0 0 2 7] Gnauck et al., "Optical Equalization o 
f Fiber Chromatic Dispersion ina 5-Gb/s Transmisio 
n System", IEEE PHOTONICS TECHNOLOGY LETTERS, Vol. 

2, No. 8, August 1990, pp. 585-587, it&.MM7 7? 

u -^u-*&m&m^itftmmt&m\zm?z>*>e>~z 10 
(^2«ai~5fTg) . 

[0 0 2 8] Gysel, "CATV AM Optical Transmission L 
inks Using the 1550 nm Window", Proc. Manual, Fiber 

Optics 1991, Society of Cable Television Engineer 
s.January 1991, pp. 161-166tel310nmlC:fclAT*£Hfe 
£Wr-g>#— F • 7y-f A*-T?cD1550nm£j£{CJ;oT 

[0029] 

WLis7 b7 7'(n-?$>Z>fr<D£5iZ1550na1&&'7'f >F 30 

tfrt-eBMps-a-, e^^ti^iiKMicJi^sn*^/' 

SfcttHte^fc (CSO) 2**<S«S-a-*J:"5K:ttU» 

[0 0 3 0] #B9§©te©BMH:. 3 ft* £ 

c> Tl 550nm-r»f^ L . 1 550nmT'T£©:ft«c£ ; fr-r-5{5j£ U 
> 9 i Ite a ft#5 x;u tf •> A £ F - f V fc3tt 7 r -f A* 

[0 0 3 1] #f£BJl©{fc©@H<]te> 1520nm*^1565nm* 40 

Si0,-Ge0,#7X:7 7-f ASftilfrsciT»-6. #f£ 
BJl©ftfe©@e<]«. 1310nmlC*3tt*ejllC*fbT*jS{t$ 
ftfc 7 r -f /t<DWM U > * fcfetT* * 

* IC Jt*^e<}® Hfi $ Tffl H -5 Z. t **T % -5 H ©«© y 7 
rfr H£©^*fl 7 7- -f A*©km^ 0 ©fl£*© 5 fg<fc 0 < & 

[0 0 3 2] *%BJ©ffii©ge<)«. 1550nmRS«gHfC*3 50 
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Ttt r^M«J "slope compensation") <h LTfEizBc? 
ftTfcO. 4>^ntl 1 *©7 7-f /tr»^o«f S 

1 "3©SSflfi«Ttt. MM©»«0*5-1. 2p 
s/nm ! -km$T»3eHWTfe-2). 
[0 0 3 3] 

«tt7 7-fn*A«b. *©7r-f A*©£#«c#l520nm 

^e>1565nmST©«[Hrt©3f3£<D«[fiT-20ps/nm-kmJ; 

rj/h£lA«fc5JC&$ftT^.5. 

[0 0 3 4] {&<DmMM-X:\t. *%BJ«l290nmtl330nm 
®IBlo«[|lrt©«fiTfi»«»f^-r«J:"5fc*jli[fl:Sft 
fc^&< t"b40kB©WWt— K£l77^At, C 

m £ ftfc Biff * *TT * #«C*t«ft#fl£g& 7 r < A* 

*<ibT*3 0, c©»»s»«sftfc3ieeai'j>^«)3t 

IX^i' h ;Hi©nmS K> (D±ftWtm 520nm^ 6 1 565nm£ 
T©ftft|gHrt©B?)t©^*{C*5t/iT300ps/nini 0 /h$ 
< 3 tC^$ftTVs-&. 

[0 0 3 5] $€)lCffe©HSg«aJl?«. *%BJ«1290nmt 
1 330nm i © ffl ©&ffl (*j ©fcft fC *5 1 JTiS««»)f^ S f -5 
cfc 5 t*»t SftfcWJp*-* - Ffejt? 
T-S.feJe)©^«ffl«g§^ : H ; eL, C©««g§«1520nm^ 
^lSeSnmiTW^Hrt©^©^^©^^^^" 

t zftmmm 77 -in tmrnzmmz ntzfty 7 -i nm 
ti^^*<ibT*5 0» z.<Dt/t7 7-i nmmmmmm^. 

o«[*T*B(B*^A-BJ:5t:a:*ftT^*. 

[0 0 3 6] ft&©HJg^JTtt. *%BJ«l520nm^ 64565 
nm*T©«eHf*l{C*3WS3f^©^ST«)f^-r*^JE, ^6 
^«lg§. 3t€2l7T^A\ ^«»«7T"f/t. ^itfiifr 
C3tt«i:*»igt©mi:ttttSftfc3t7 7-f^*«««k 
0^0. StE^f5ji7 7"T nm 290m 1 1 330nm©ftS]©® 

a it a iST©fiMi^ tc» u xasaft: $ ftx 

S«t5t:««EaftfcJB»f*»*SWLT*0. HtIB7r 
-f /\'©^^-S5:^l 520nm^ 6 1 565nmS-e©$efflf*3©@f ^© 
&S(C*3^T-20ps/nm-kmJ; <9/J^ < 7ia<t 5 lc&$ft 

[0 0 3 7] 

[SISS^J] *^coeM->X^A«ll 1 ICjSSftT^-S 
Mffl->XfAI^Sffl^Tl^. 1290nm-1330nm©^ 
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m ft iC*3 Vt -5 1 31 Onm© <fc o ft&fi (C*5 ^T&ftWL £ 

(U^^n^ riSlOnmeiMU tV&&) (C550nm)t 

jK^AW^n^. 1310nmejtU 2 ©SS»fc4str»T. 

fa) 3izf&-ert:nz>o z<D£?tzmmmz / £%\T'& 

Zo mTLiX, *H#W^4 9 5 9 8 3 7^. S5 0 0 5 
17 5^, &J;tfSg5 0 6 7 7 8 9 

fteSI'J >^fC*3tt-50FA3©Mffl!ltcBa«$n5-5. 
&%mffiMT*\Z. »til7 7-fA'4H eitu>^2 

J:^o -tO«#!i*lft*l»5»C3l6tl4i&K:OFA3*»6 

©^s&aMBsn&sa&tttti (ase) satswsfc* 
[0 0 3 8] *5&m<om<ommw?\i. Mti7 7 ^ 

A 4 ©B$r*s$M& £*rr -5 7r-f A«fc 9 & D 

AJWBBT. OFA3t»Mi77^ A4*«ftU5 

hXr-f AfcMf-S)* Tanaka et al., "Attenuation Fr 
ee, Dispersion Shifted Fiber Doped with Distribute 
d Erbium", T echinical Digest on Optical Amplifiers 
and Their Applications, 1990 , Optical Society of 
America, Vol.13, pp. lSS-l4ltmt£tlfz^ 

[0 0 3 9] ra##$H*tt«:7r-fn4K:»£3tt* 

t, *<Dmmz&w) >t> 2ftTt£e£ftfciE<z)#«ttc 
<fcoTf"j8'jb(c<<^:o-5-5« *mwe>ftmffimy x -r 30 

j; xgfs nit t a (c^wm^^s^m 0 pitgK-r 

MEA:ffiMiE¥R«#A«. OF A 3** 

[0 0 4 0] £tt£©->X-?A:fgfiJitel310nin:7 y-fAtC 

ftl»'J>f S^ffF^T-5. 
[0 0 4 1] 02ttl31OmD*5«tm55OnmM^©iiSf5/ h 40 

WDM*7"7l 9*M310nm^t®l 1*3 J; #15 
50nn3tjKl 1 a5&>S©{a#£!310nm£M'J 1 2 

1310nmejt'J>^ 1 2©m^JfiiJlC*3(t^WDM 
*7"7l 6l«n6 2t30fl#**n50»fifcS^ 

B&ffFSM 9 3 8 5 5 6f, S4 94 1 7 2 6#, *5<fc 
^4 9 5 5 0 2 5#£#B8£ft;fc^. 1310nmm#teU 
tf-^ 1 7 (CioTfflS^n. *^1550nmM^«OFA 
1 3JC«toT»«Sn. ■tn©»**»iM»»«7r'f/t 50 
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1 4fCckoT}$ffif£n3. S^$tlfcl310nm«^*5i:^ 
Jt«Sn#IH«fllSnfcl550i»flrett. ffi©eiH'J >9 

[0 0 4 2] H3tt*«W©fl&Ol5EJe«*^UT*iO. 
C ©IWJT'tt, 1 550im3fc« 2 1 tftfl-fHiM*? 7-fA2 
4\ZAtt2nZ>tf. cntCj;0OFA2 5{CctoTti1S 
£n-5^£l550nm«-5t£$fcfTS£-tt-5©T. 1310nmfci£ 

A2 2©»ttOfiS»4i-tpSe»Lfc«T. 
»*A*HKWfciT»*n*. 1310nm£j||:7 rf A* 2 2* 

ib<Dftmnmi*ntzmmzoFA2 3\z^r>xmmts 

§§2 7 CioTSSbn?!. 

[0 0 4 3] H4«*»fcfi«rM310niiejai'J >x£jib 
T©l550nm«^©iiSfcf>.y h • V- he«£ffF«T£fte© 
SfeSfc09&*L-O>S. 3tig2 8lit^TOFA3 0 tC=fc 
-3 Tit® $ n 5 1 550nmfl^ « Sfcfir £ £ it £ <fc 5 fcfl-HMft 
i77-fA*2 9l:»Al/T, 1310nmgMXr-f A3 1© 

j;o*M«3n*J:5IC«:3n-5*. S^MUOFA 
3 2 t«t-3T*BllSn. (BPF) 3 3 5t 

«k^Tj®&$n, ^LT^»g§3 5tC?iJjif •SmFlC^ft 
ii7 7-f A3 4{C<fcoT#tt£fiIE2*l&„ £©Hi5S 
Wii?rJ£©jSHlf-.y h • V- hT1310nmfgjH'J >2\Z& 
£Mfcfi^#*i|«m$i©1550nm£i££fFSgL 5 *>. 
[0 0 4 4] ftftffittXT^Afctt-rsfiSirif©^ 

T^$n^>. 1550nmtC*3V»T*«J15ps/kiii-n«i©^iitS:#f 
S50km©ei^7 7"f7N*2tC»-&(Ctt. KM.**? MMB 
©nmiS 0©£fcj£X A#Sfcte750ps/nn-efc£. 
■W© 1 ^©HJEfllTtt, jHMMt? r-f A* 4 tt-30ps/nm 
-ki©fl-«S*ri»TiJ0» 50km©fii£U tc^tfSIE 
<DftWL*$t±\zm®3r%tz.#>\Z\Z. 25km©fi£ S^Ii: 
-T-5. £©fi3©*ttiIE?rr*S#Btt;&:<> WGUtt 
Wntf^f^if^At, ^©^X^-ATti^X^AA 

77"f A4J «t 7- -f A©fi£ ttWSE©eS6» 
fi (A^fl<JlC«1520nm-1565nm©$gH) tC^^^X^A 

«[ffi«ej£->X^AT«. M«l7 7-fAOMStt 
1310nmgjH»J • 7 7 -f A©fi$©i^)2^© 1 ±0* 
§<&^i:tW*l/<, ^03tifSX^^ hJH@©1550 
nmtCfett^nmS 0 ©#iRffiflH5j£'J >^^#©±^«f« 
j^300ps/nmJ: 0/JxSV». 1550nmi&g£-f > (C*5(t-5 
1310nm<5jt'J >^ • X r'f A©^Sfctt^±5ps/nm-kmT 
$>Z>fr*>. »«l:ffl«XT'1'/N*©RlTgfi*n310nmeitU > 
i7 • X7"fA©fi$ 2^© 1 &K>*.%<ti.^£.o\Z-?Z> 

Ops/nm-kmS fc«^tl«t 0 Z. £ 
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[0 0 4 5] gW-t- He3S:7T-rM*2©«*tt. 
^lOdBOOU >?H8.mzMLT\t. mo.2dB/km<D^--y- 

«**#anr**«. ^-n«oFA3icj;oTfflgic^s 

[0 0 4 6] »*«flt7T-f/t©filS«»J31una»)©7 
r -f ;tiM»*4aS!fifife*«K:*W-«taiai D ©7 r -f A*« 

^A*©&fi^im-60ps/nm-kmTiS&£-e&3'5 (fi : 

&m.mKffl&tttui («t o <io*«T*n» , ttte« 

[0 0 4 7] ffifB^T'f A-^fttWM^X^A^IIISiC 
HJST^^ ICT^fcifclCte. &&if &75MOpn/nm-k 

£>-f . Itf^K tt-120ps/nni-kmJ; 0 f|*|^UC*# < fttt 

[0 0 4 8] ->X5\kJSfllK:*V»T, *«fctW$l;:te£a 
«7 7^Att. I>^D-»ifc ttttff 5g A •> S? > y 

rtou-;p±k:a«»tt6ns. fi!oT, ^«tti«7 7 

fCteij$30kiiiT<&£. 

[0049] iEai«:««Mifltofc«>©B*«ttTae©ac 
(1) KffioTtwsns. 

Sd.t/Ddd = S, ,/D, , (1) 

fttt©«#T»o. n,«,tt»*ifi«7 7<;t©eai»fi 

* »* * * . 1 3 1 OnmT«jgf t $ fife**©*— * 

— K • 77^ 1550nm©ejH&S-e«, S, , 

= 0. 06ps/nm ! -knfC£> D . rt^D, , = 15ps/nm-kniT& 
*. D ae ,©ffi =-60t<Kfi-r*t. S,, c ,©ffl«-0.24©^- 

vMC «fc o Tii$0~ 1 . 2ps/W -kmlCf&JKo $ tl-5. L 
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tz9 =? v H«*P*— F • 7 r -f ATteD, , TOl5ps/ 
nm-kmT& £ #«, CI ©fil teSte £ 7 7 -f A*igi|-:fc J; Dl 55 
Onmi&g'^-I' > Ftf (1520nm~1565nm) F*3©g£t-5f£j£ 
«fiC»bT«ftT4. fJW*J:tf3 7#8C±5ft 

T. -?-©1550nnjRfiC"f >K^rtT(4D, , = 15 ± 5 ps 
/nm-kmT$><5<, 
[0 0 5 0] M&ffi«©fcfe{Clc0$nfclO©$?;£L 

MMSi.i^ (1) (c e fcoT-£;t'=>n5{i©-trn~2« 

©«eHrtT^(tn«^:Si^vi. -r^*5-&. 

0 2S«r<&2Qi, r (S ir /D (I ) (2) 
[0 0 5 1] tz « A M- fcfx 

[0 0 5 2] 7 7-1 , A'@gl| 

*HR*fi#t7 3"f A*© 1 ^©5G5ifiW;t£fia-«©ft:#fill;: 

F • 77-f/^l.. 
[0 0 5 3] 0 5~8 A«*%^®^-fcffi«7r-f A*iC 
PIILS5 5o©^^7 7-1 , /W$MgSiJ^ 
bTH*. El 5 43«ktf 6 tC*iltS^^glJtt^«rtiMT 
07, 8*5 J: DC 8 Atc^ttSSMfrSBUte^Mlj 

[0 0 5 4] *»#jH»Jtt^ 7-y K5 1 ©JB#f * t Jt« 
bTttfeM*^ MWSxlFrfr* £W bt^S £ <h tc, 
«£*©Xf7 7"- -Orv ^X^— ^E- F • 77-fAt 

£A>T«r»S. 06, 8*5<fcD>*8 AlCiJftSiMlfaUWtt* 

£D/h$^B^$^;i^£W-ri>n7 • 'J >^5 2 (£> 
cty:i0 2) 07, 8*5J:tf8 AtC&tt 

*»#aS>JJ4[H*HSf*»* (777 H5 1 ©HJlf^cfc 
DTizm/vfz) 37 • ^r- h 5 5£4>f*13;7«ii££3 7 
• U >y t©WfC-^^ViS. =IT • ; E- h©JSSf^IHl 
*«ZI7 • ^6— h(C^JA«7-y^©«t'5ft©H-A> h 
^JO-T^CttCtO, a^VitJSiOj H7 • t- h^riS 
^o^J^.«Ge0, T H - tf > £ £ IC J; 0 y y y H 
5 1 Ofccfctfl 0 1) ©BSf^$:ii5«e)^)^i:»Cj;oT4- 
AStt&o te©7>*a8iJT"*^n->^i^5 1 ' 
$nTVi-5. S1IJM5 1' T'tetz<Ttt1S5 0l:O 

»1] 
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- 
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0.20 
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0.16 


0.14 
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3.7 




6.50 


6.50 
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-50 


-49 


-30 


-30 
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-101 
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1.0 


1.2 
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<1000 


<1000 


<1000 
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6.5 


4.4 


5.2 


4.6 


5.0 


4.5 




* 


* 


* 


* 


1700 


1805 


1800 


1800 


2277 



[0055] ztizoftftmmiztt-rzftmmm&miz 
#«-rs£fc*»Htt. i) #*ttziTm.mz*$»z>m> 

i/^sts^. ffim\*¥mzmfc-rz&. ->x^at-is 

m-rzjioizmBzrtmz, m&v>mm.tmtfm t k\ztt 

[0 0 5 6] m-^- Hf7 7-f A*©*-y h^-7^fi(± 

einssj: o /ha < fci*n«& & st>ftnt^ 

# h*7iRS«k O^15OnmfeltiS5^fiti3jfi^0 6 . 8 
*5«fctf 8 MZm-&nT^Z>£o\zM7 : )\/?<D%i$iZiTm 
®.£>&ttziT • >)>■!?$:& ottttom-grlZit, fsv V* 

y^jRfttOH««t"|«T»»*«t'5K:H«ESn5*. Ctl 40 

>h* • Xy5;*fit*y h*7*fitO|BI©|Bl|H*JJHa 
MtC ^in ?>©®:thCOii-&tC«800nm©^-- y-T$>^)^ 

[0 0 5 7] »Stffl«<!:<«#4tt«<i:»mtCfcSta^#aE 

■T-S1525nm*3j;^1575niDlC*3W-5^«l!OJt«eM7 7"f 

-r^C^^1310nmT©eM»C*lLTSig{tatl^ 50 



^fcfcMM. 2Tfc 6 (iCOSC (1) **> 

[0 0 5 8] H5~8fC*tta»#SWiJtt, «3 7« 
*£. 37 • 'J >^*5J;tfu7 • Hctt LTTRZtlfz 

mffimn^t&miE-rz £ .t tc <t o-c$ <=> f-^iE^ns 

5= fc/fU n, tt7r-f7\*«|«g±©jaSf^, A=(n, ! - 
n,*)/2n,\ n 2 \t?7*y HOffiff^. r«¥@. ^LTa 

□ ->MI5 1' tta = l(75a^$rg*5bTVi-5o 

B»f*©*»«*©JEfl:3&«o=2CD*^K^-r*. ttMtt 
ttS&fiHajBOST' rn->j ftfit 

[&1] 

n(r) = n, [ 1 - A (r/af* 3 

[0 0 5 9] H8 AC7SSnfc»*a8iJ«. «10 3 
$nfc^) „ Ge0,-Si0i ^r->±(CGe0,-Si0,X- h (# 
5 -y h* teGeO, «• H - f h fcS i 0, f & Z. t tfft £ b < . 
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*^rtffl*S«fc^n«©3 7' • =£- bmt&l 0 5i5j;tf 1 
0 3 tt K - y^nT^^^SiO, T'Wu htm £ LVi. 
[0 0 6 0] «1 tt<»j£©#-#©WK:i3tt*tt3"r*<l* 
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[0 0 6 1] &m?Z*fm<DftW&®2t?T'(n\Z£. 
[*2] 



7r-f^ I.D. 


7873-01 


7873-02 


7839-011-016 


7-8015-01-03 










>s y v y 


- % 


1.4 


1 4 




? ft 




1.5 

(base) 


2 0 

if • V 

(base) 




1 R 












i/n 








^ 7 










ft A 


-^S an 








7 Q 


£ J* 
(ps/KB-im) 


-50.7 
(1535) 


-30.4 
(1535) 


-45 
(1550) 


-65.5 
(1550) 


ffi « it 


0.8 


0.8 


0.8 


1.0 


*7M7. na 


930 


980 


<800 


1521 


its 


5.93 


4.88 


* 


* 


0. D., ptm 


80 


107 


115 


85 


S(dB/k B ) 


0.78 


0.71 


0.6 


0.48 






* 


1680 


1680 


& ft & Sfc 


-65 | 


-43 


-75 


-136 



[0 0 6 2] ^lfcJ:^2(C^$tlfc^BtcKT^© : 

- «»Jtttl575mlC*i^*^tt*1525niifcfiW*»tt 

- »*tt»«rtfc«SSnfc«fi7?«3£Sn*i. 40 
[0 0 6 3] 7r-f A gjjjSrjSfe 

*«W©iHtt»«7r1'/Xtt, H(t»t& (VAD) . fl. 
ttttft (OVD) **Wi0EIE{fc¥*i(Utt* (MCV 
D) «Di3ftWW*77'f A-«jt^te{C«ttpT^fiJt$ 
n#*. *2£*»t«7 7"r /XttOVD&lCjloTffrft 
Snfc. OVDffite^HISWffU 48 6 2 1 2§, fg4 
1 2 5 3 8 8^, ^5 0 6 7 9 7 5§, 143 1 4 83 
7**, i5«ktff54 7 1 5 6 7 9 *»©J; 5 ft*ft©«tt& 

[0 0 6 4] 77<AID. 7873-0l43J:l>*7873-02«T 50 



nfc. aT!Sg62.5xiiiiCD^'lx-7 r ^ K • -f >x-v^X 
^E- H • 77-f AWcadwnT • 7'J 7*-A#®2p 
OOVDft (V>F WU±K#7X&T£fct«£-l±^L 

-5) tftSnfc. fcf-£ • ^7MfiK«36m»%Ge0, £ h* 

(deposition and redraw process) jS^SUKBI^ 
fF^4 4 8 6 2 1 2^MtfS5 0 6 7 9 7 5^(-fS® 
£ttTU£>. Cl©itg7mmO'y->«Si02-C i ^-->'\*-^ 
K$nT80mm©X- r-HStteStl, ^"LTfiftTKS 

nfc. m i a*- ? ■ y- >t>m&m 2 ©si 

0 2 X- hHTf^--A-^7^ h*$nTiSg58iiim©X- h 
tftSnfc. £©*-/"?- £ 5 «;/ K • X- h • 7"U7* 
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21 

7 (g*S8©3-7V tttZtlft. 

[0 0 6 5] ±.mmttlt. 107Min*^80wni$-e^tT 
57?-f;Wi W7X7 7^AO. D. ) fC5£#;*ft 

^Jofco 80Atm>-T-f A*««?p©ttl^fU -JkhT'O 

5 1' *#IHSn/tv») C<HfcJ:'5ttffi#Sn&*«* 
h-^;UT. 7r-fAI.D. 7873-01 (80 
tin O.D.) 3. lkm43j:^7T-f A*I.D. 7873-02 (107 //m 10 
O.D.) 3.3kB^S#$n36^»l5£Snfc. 

[0 0 6 6] 771'A'I.D. 7939-01 ld>e.-016*T«^ 
— ©sT-A-i^y h*Ig£#3 0VD&KctoT£[i& 
$ tlfc#tt#> 6 «9 1 £ S ttifc; 6 *© 7 r ■< A" J: D £-5 . 
JBllc, 37-7'J7*-A^ S^'^fyy- 
-f >7»; ^X^*3«tZJ«Si02 4 J t-*5tt-5>40a*%ODGeO J 
iKSfeoTvXs^iCtMISnfc. £©37 • 7" 
U7*-A te^n©^®± nfcMft&S i 0, CD 

m (.Q.\w3T/z?v\ t vc*&.irz>rztb\z.) $$&uu 

Snfc. 37 • '5r->«85mmCDX- hEffit&S«t 5 tC 
SiO, T?;f-A-7 5-.y HSnfc. £©ftifcl©7U7;*- 

T77-1" A<hfc^£fc#©fti|i§©;tf7X##i&£n 

[0 0 6 7] 0fc«fctf3-TV >7*) l:it)Tg 

l/^r-fA'SrJgfiR'r-SltriC. 7939-01 l:fcJ;tJt-016©£:& 
©##©— 8U^**ffi#StlT. 110MB^685MinST?^ 30 
{LT*0.D.£#T-S2kn©6S©7r^A* (tfyX) <h 
ftSftfc. £©2km©S£©7 7--f A©g&3jfi@g]$:fr 
JC *5 It -5 SlJg $ n. llOMmCOEgTli-l 7ps/nm-k 
■€• LT85 # m©iS ST te-45ps/nm-km©<ifij$*# <=>n 
it. -€"©&T\ St*©SiaPd^^©«t3tCLT6 2|sCD7 
T<A**ii»g|^Stlfc. 7939-01 1 (30. 7km); -01 2 (7km); 

-013(15. 9km); -014(12. 7km) ; -015(6. 7km); *3j;UC-0 

16(11. 6km) zn<b q*<d7 r 'Omm'g.-zntz&mt 

[0 0 6 8] 77-fAI.D. 7-801 5-01~-03«#— CO^- 40 



) #I¥6- 116 2 0 
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sw^e^i^snit 3#©7 7-f ;uo45. ssi 

(C, 37- 7U:7*-A#SiO,tpT40fi4%CDggGe0, 
i8S£WU ^OSi0,cpT"8»»%Ge0,©@*ijgg£W 

■r«)^^cD<aTLfc37 • u >^(c<kox^iH$n/t 

(f7MOX7y7' • -f >xy77sfp*3 7«*££ ; t>o 

74mm©X- hjlSSWLTI/»/t. u©37-7U7*- 
A tc J; Tflft * S ftj&o 3 > y 'J 5* - 
h$n. ^LTSffi#£*lTfl.&*<7mm©3 7 • *r-> 
izttZtltCo £©37 • ^r->tt82mm©7.- Mtgirft 
£<fc 5 f'SiO, A- 7 5 y HStlfc. £©«$S©7 

U7*-A«^n^3>7Ur- hSftT. 
ti:i^T77l'A («1P03— r-^>^**-r*) t 
& £ n-5 feJD ©«*!©# 7 7 <h & $ tlfzo 

[0 0 6 9] 77<A*I.D. 7-8015-01~-013©fi£te6. 
4km(-01)> llkm(-03). i3 J;tf22km(-02)T&ofc. £n 

[0 0 7 0] h*#T*7r^n*W:ffrttfl!3lE©7r 

at© «t o km m m&T k - a > h & f - tr > t*t * z. t 

t«k-3T»«Sti*IHI«ilH*1?*0 5-S*«. M#6y'J 
#T<J5oTt>J;<. -^©Jg^tCtt, GeO, £ F-7Lfc-> 

[0 0 7 1] £n£©7r-f A©$rfWt7yrA • *7 
. y /7 • ?X f> • 7p->-> 5 j-7EIA/TIA-455-168(C 

&©«««, ^«ffi«7 7"f a©2-3©«bsp»cs^ 

7Sry~J ' -f >T7?X#- F • 77-f A*©@V>-fc 

[0 0 7 2] ->X5=-A^J 1 
40^r >^^AMfft • ?7 FT©7rSC*$fit7 7-f A 

[^3] 
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1 

2 
3 



S?£/ch. 
4.4 
4.4 
5.9 



4.4 



( 13 ) 



l"v *(dBm) 
0 
0 



6-11620 



-5.0dBm 

o-cftHEsn/s 
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55.25UeeaHz7? 


325.25 
HegaHz 


54.1 


53.6 


52.5 


50.1 


1 49.4* 


48.5* 


51.7 


51.9 



fxFNo. 


55.25 

MegaHzT©CSO 


325.25 
HegaHz 


55.25 

MegaHzTGDCTB 


325.25 
HegaHz 


1 


61 


62 


! 75.2 


73.8 


2 


48.2 


37.8 


71.9 


59.5 


3 


59.6 


53.3 


68.8 


69.2 


4 


59.8 


60.3 


73.9 


72.9 



0dBBSm*g^9- • l"<Mc-o&m&£ titer- ? 



[0 0 7 3] *3:fc<£0;g|9~ 1 2 iZmZtlT^Z £o 

OW^HaSSSr^rT-5405 1 ^>^.;l'NTSC AMtfx^S 

'J7*ty-TX (CNR) . |S^2i); (CSO) iJj:tfM£3* 
tf- h (CTB) g#.j&<55. 2543 J: l>*325.25* tf'Vfl/yTflflS 

tsnt. 2^<Djg&^c«-?-n?)^405 ij r >^;u 30 

[0 0 7 4] gStC&tt-SlglCO^X h (rXh#l) 
(0 9#f&) tt«-&Snfc^m**«k^3t7r-f 

tg^-r^-x^-o^r 'J7*f/-r x. cso* 

-^X h# 1 \ZU— tf- • J-\-~fii-7y^ A*#1&© 
ffiSf^ffllCj;^^t:*lt«-r-5>fcise)CDS^<i:^.5. 1310 
nmTftjgft^nfcXT-l-A* (f^F#2) 2>&Ztttmffi 40 
«7 7-f A*£#ofcl310nmT"*jS{t£nfc:7 7-'f A* (5 1 
Xh#3) fcJ;^eit*iT-X h# 1 <Dife*i]t^$n 

[0 0 7 5] « 3 CD^X h # 2 (010 #ffg) Ttt. 40 
^D^- hJKOS^^W— ^6- F • (Corn 
ing SMF-28, Corning Incorporated, Corning, N. Y. 14 

830 wMkati. ^-LTSfifcreodB/w- • 

lC«tO, ^-XICtfciSLT. CSO*(55.2/^MT 50 



12.8dB. ■^LT325.25p<^'\;i. i y-Ir24.25dB^{t$n 
fco rtie>H !RftC325. 25^^'\;PU/©^jftSctCiJViT 
tt«W**tt*{tT*0, 50dB«fc 0 U 72*/ 

-fXJt. -60dBJ; Ofi^C SOI/^JK feJctf-eSdBJ; 0 
C T B 1/^;KC <fc o T^mo'lt 6. tl 5 & tftSMfc A 
MAV^tf-^iivX^AWft^S^SrilCD^X hri* 
iSLSi^STC S O U^^&^t^-lirfc. 

[0 0 7 6] S3©fX h# 3 (011) Ttt. 11.6+ 
D;*- h;KD^»1ffi«7r-rA (±iBLfcX T-T AI.D. 

7939-016) &C S03k?>-$:ffiiETZ>rz#>lZT7> h# 2 
©->X^AfCttJQ3*lfc. ttff-^CioT^Snt 
H-SiolC. CCD^XT-ATtt, ^.-XiZit^Lm^ 

<DRFmmk\z$5\,*Tttmznitm?t.mK&)t£&ftwm 

lEStlfc. SS^S^'V^Tte. 12.8dBOD#SDS*-©l 
l.mtfffiiE-ZtlfZo 325. 25^^^^^-^!, 24. 2dBCD 
#JPS*Ol5.5dB3WiiESn. 8.7dB#*ffliIE£n&^£ 

[0 0 7 7] COHlE*«^Ttt*>ofct^'5Iltttll 
«7 r-f AOfiSanEL < Ufr-ofzfr. W3l3l0nm 
SM 7 r -f A* fc** L Tfrftfiflt 77-f 

[0 0 7 8] Mii7 7'( A*tr e fc^.l3l0nm«jaftX7' 
-mo&M&ftWlL^y h (DS) 77-f Adi-SeiHi 
JtlfrTSClittWSirT?**. «3CD^Xh#4 (01 
2#fig) Tfct, £T (D 7 r-f A#1550nmt;::fcH-&'l4t6£ 
gjg<t:Snfe^ffi:->X h^r-fA* (Corning SMF-DS) CO 
40*D*- h )V-Zm&-Zmt. l550nmT®lfrr 



( 14 

25 

y- • x>KttttJ:0fcJM?K:«tBb5*£<!:tt*D*. 

[0079] ^^^x-m^n^^yiz. ftm^yhy 

$C->7 h:7 7^A£il5JS"&©0. 2dB<hl^-53I2Mii©^ 
fflflTa6ofc^. 325. 25^^'\;i/ , y<i:U'5- : en<t OiSS^ 
jf&ISCTtt. ffflSDOIWMy7h7r<A'SI 
^«^<D7dBt^O^*-«^F*3(C«IE$tlfCo 325. 25* 

itf'\;i'!yK*jt»TSDOS*}ft«^fc«iE$nfc*>»tT? 10 

7^n©^tt£©ffl©SX^y^KM&LTV>£> ! fe©<!: 
[0 0 8 0] C©ffiIE#%£T*;&^ofc 
Uttl 310nm«jgft7 7 -f AtC*f LT^««1 7 7 -f 

[0 0 8 1] £©««77f£tt. S*©*-^- K-77 20 
ylzWlftltT. 1320nmf5ilU >^ Sjli;T1550niii©AM 

tf^fi^eirrs ->x^a K#arr* c s oi*^ 
i77-f Atasipo*— h • 77-f/^ii;fci^ 

[0 0 8 2] ->X^A#[2 

I.D. Nos. 7-8015-01~ -03 (-&frT-39. 4km) <£D&-5 30 
t>©T*l3. -?-n«1550nmi£:fc^T-65.5ps/niii-kiD©# 

*ss*Lfca*. cintt«*©*— ^--h • 7 7-rm 

IE©#St<fcD#)4f&©*#$T£>£. .®M«i7 7 
-fA©X^;7 h^M$^0 1 3 iCSc^tlTt^o 1550nm 
K*«**»*«0. 48dB/kmT-a&-pfc. £ ©£■«*!* 7 7 

•5. 

[0 0 8 3] 1310nmeSHC*fUTgji{t$tlfc^ip©m 
— h* • 7/1" A*©»«C*1tIE-r^fe*{C«, 39km© 
Mii7 7-l'A«Si$n i ^niCctoT19dB©jM 40 

Cfc. 1310nmeii'J >^43j;lX5i-«tffi«7 r 
-f A©«&« 3 -3©0 F A£ffl c £ \z J;o TjtflBS 

^«ctt« 77^ /Mitt £*t r * mmwmz& ^ 

©T. 3>Ai7 h&X7-f A • U-;HC#**^t**T7 

[0 0 8 4] »«*t«f4«»TattWtttt«feT***» 
OFAsS fe«3t§flt3HC t o TffF^T^ SgffiA «7 - 
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h - . 7T-rA*©4>W^tc:EB$nf#-5. c©#J 
Tte, 0 1 4\Zm-Zn-C^Z>£o\Z^ 6. 4km©#&t«MI 

77-f A-*t'j>^©2i«sf8gptcBEa*n, ^©#©ffifls 

7 7-<A'©JS0©33km«'J >i7©§«^{CBHB^n 
fc. j£«ifi|»fc*5tt-&OFA# 1 tt. ttiTJ/W-^lldB 
<D7-7,5> -mm&£ iTffl H e>tt£980nmig!7jf[6]*> 
hf>^ (backward-pumped) Wtiofc. <H3H310n 
riMM:*-^- H • A* • 'J >*te«S#150kmT 
£>9, 1550nmlC*JViTiiS«]2500ps/km©X> h* • y- • X 
>h*#l&. *5«tm3dB©^ga^$#ofco OFA#2 
«980nmjd73[Bl#>lf >y (forward-pumped) ©25dBf«J 

mmm&T'& 0. ^-©igici. i^mmty^ )\>9imm. 

fcWc. OFA# 3f£H3dBin©l&fntti7jA , 7-£#U 
31dB©fi]f#££-T£ 2 O©980nmiS»73l6l#> e>^lf<l 

OFA#3tCj;«./-1'X**-^$r6M-r^7cis6iC, g«Srg 

mz&vz>ft%mmy r -r /w 2 o©-t * -> 3 > c##j 

utlCioTOFAtt SWATJtC&tt-SA?- • 

^^Ji^s-e&i'Sic&^ttTt. cn&fflOFAU 
ft, 

[0 0 8 5] 0.5nm©X^;7 h/Hfl (-20dBmT$!l5gb 
T) &#T<5i$— ^ElSf^DFBU— tf-^sf- h* 

#"=>ItJg©10 Obit/s NRZ (^-fe'PttDf) R^-e^ft$ 
ftfc. ^-^ • A^->«fi$22'-l©2p^>^A • A 

[0 0 8 6] \s—*?-ltmi!&.it\m8Ml-V&-Dtio % 

£fir*wu «aci.2miflf«raai?rig3t7-f;p^. 

3tMS§g«BER (t*-v h • 15- • h) hB# 

t:p iN7* h^t- h*tc— s©^i/^ju^«tj#-rs 

ftftfciV^nfc. 3t£fIt8©IEl*^£telE- ' ' BERT- 
30dBmT-a5-s>fc, 
[0 0 8 7] 01 7«OFAs*JJ;^tS[*«77'f A* 

*^^7i*^:3t)lK©^l^^n7 v cx> h* • y- • x> Kfe 

150km©^2p7'7-f /N'^^^S^tl 
*»tk«M» (9ps/nm 2 ) Ofi?- 9 j&±.\zWt-£ tlT , M 

[0 0 8 8] S^P©1310nmftiift7'7-1'A*©0.020km?r 

mi 8 (a) iC^$tlTt,^„ ffl«^<¥t»^^1310nmft 
ji<t7 7 -f A©1 2km£ it VTtem.tsnfz'&<Dyt$LMcDT 
-f • rtf-ytfm 1 8 (b) tC^^nT^^). 1310nmS 
7-f 7N*©150kmy5X^«ffi«>' 7-f A©39. 4km 

*mvxfc : $ki£ntzmz&»z>7^ • /^-^m 8 

(c) IC^StlTlA-S. ^*ffi«S#^^^*^©T-f 
ip7 7-r/N*©I2kmfc*^«:jli;T-r«®)f^LifeVi. b*^ 



( 15 ) 
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28 



tc. ajp^T-fAwisotaSrauTW^-rsw^t, idB 

JWTtfXZ^fftSA?- • ^•Ti'S/T-^ (power penalty) 

tut. 

[0 0 8 9] 1310nm«Mt7r-1'/N'$r^-n^^:^ ; fo^- 

imwoffimnmw] 

[0 2] *?twe>mm&&&zfftmffimyT'(rt&mffi 
[0 3] *!6w©iHiigfe«t^*ffiM7T'f rt&mm 20 
[0 4] *?tw<Di%m&&£zfiftmmmyT'( /t&jui 
[05] *5tfmz£z>ftmmmy T'f ^mrnc*rr«ia 

[0 6] *^(Cct^^Si1f«7r-f A'^tt-fcwr^H 
tfimftlB<D-'M £^ bTV> -5. 
[0 7] *«WfcJ:*»«»«7 7'f A»w-K«-r*a 

[0 8] *56Mtc«tS^«Wit«7r-r/^tH^-r-5JB 30 
#T =£7}* ©— #| * ^ b T V J -5 . 

[0 8 A] *IS^JCcfcS^»tt«7 7'f/\*lftfHC*fT-5 
ffltff 0>J b T -5e 

[0 9] ->7fAHffiW 1 (CfflV^n-5 4OC0->X^A 

3 tCt5(tSx-^f**fJSbTVi<5. 

[010] v-xt-ahss^j i ^ffliie.n^4-^©->x5 i 

AS^ifiJ© 5 O 1 y ? 0T» 0 . frl 

S3 l^t&^-^MCttJSbTI^-S. 
[011] ->X^AHJ60IJ 1 iCfflt,^n^>4 0(D->XT- 40 

3tC*SW«-r-^tC*HebT^-5. 
[012] y7fAH»J 1 izm^>btl^>4-0(D->X^- 



3 fC*3tt-5T r -5'IC*fJCt;bTl/^„ 

[013] y7>rAS»J 2 Tft^n5MIl7 r 
-f A*©X^y* h^M«^ty7 7Tfel., 

[014] ->7fAII«2TH^6n5yXfAg$ 
MC7P7 7 0T3&5O 

[015] yXf AHffiM2®i^Ob'7 h ■ X5 - • 

[016] yXrAH«<fij 2 TIV^tl^Mffli7 7 

[017] ->XT-AitafiW2o»«w««snfceai»j> 
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